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Description 

APPARATUS FOR AN INTERNAL 
COMBUSTION ENGINE 

Cross Reference to Related Applications 

[0001] The present application claims the benefit of United States 

Provisional Application No. 60/4235, 257filed 

612November 2002, the disclosure of which is expressly 

incorporated herein by reference in its entirety. 
Background of Invention 

Technical Field 

[0002] The present invention relates to an apparatus for an inter- 
nal combustion engine and which for each cylinder, with 
the associated piston, has at least one inlet valve and at 
least one exhaust valve for controlling the connection be- 
tween the combustion chamber in the cylinder and an in- 
take system and an exhaust system, respectively. A rotat- 
able camshaft, with a cam, is utilized and which is de- 
signed (configured) to interact with a first cam follower 


and a second cam follower in order to switch between two 

different operating modes. 
Background 


[0003] There are numerous examples of the need to be able to 
adjust the valve lift in inlet and/or exhaust valves of an 
internal combustion engine. Such examples include the 
activation/deactivation of a compression brake system on 
an internal combustion engine for heavy road vehicles; 
that is, providing additional valve movement that is only 
operative during engine braking. Another example in- 
cludes the generation of valve lift curves of differing width 
of the Miller-cycle type, for example, for use at different 
operating points in the engine working range. Another 
example is for utilization in the complete deactivation of 
valve movement when isolating certain cylinders at partial 
load and the like. Still a further example includes utiliza- 
tion to institute internal exhaust gas recirculation via the 
exhaust valve or via the inlet valve. 

[0004] when the facility is required for fixing a rocker arm part in 
relation to another part, for example, an actuator is re- 
quired that can overcome the forces occurring between 
the various parts without any impact occurring when the 
movement of the rocker arm parts in relation to one an- 


other approaches the limit positions. The movement of 
the rocker arm is controlled by a cam that defines the 
movements and accelerations that constituent parts must 
perform in order to achieve the required lifting movement, 
thus giving rise to forces and torque in the mechanism. 
These accelerations must be multiplied by the masses and 
mass moment of inertia, and any spring forces acting on 
the mechanism must be added in order to obtain the total 
forces in the system. 
[0005] it j S desirable that apparatuses for producing additional 
openings of valves should not extend significantly in a 
longitudinal direction in the space available for the engine 
valve mechanism. For example, the high compression ra- 
tios that occur in modern diesel engines mean that the 
valve mechanism must be designed for very high contact 
pressures. Furthermore, this type of engine may be fitted 
with some form of compression brake system, which re- 
quires space for actuating members. Consequently no ap- 
paratuses for switching between two valve operating 
modes should encroach on the existing compression 
brake system. It is also desirable to be able to perform 

this switch from one mode to another in a simple way. 
Summary of Invention 


[0006] An object of the invention therefore is to provide an appa- 
ratus which permits switching from one valve operating 
mode to another in an internal combustion engine, within 
the functional constraints described above. This object is 
achieved by providing an apparatus for an internal com- 
bustion engine, and which for each cylinder and associ- 
ated piston, has at least one inlet valve and at least one 
exhaust valve for controlling connection between the 
combustion chamber in the cylinder and an intake system 
and an exhaust system, respectively. A rotatable camshaft 
(18) is provided and which has a cam designed to interact 
with a first cam follower and a second cam follower in or- 
der to switch between two different operating modes. 
Brief Description of Drawings 

[0007] The invention will be described in more detail below, with 
reference to examples of embodiments shown in the ac- 
companying drawings in which: 

[0008] pig. 1 is a representation of a valve mechanism shown in 
partial cutaway and embodied with a capability for switch- 
ing between two operating modes according to the teach- 
ings of the present invention, and 

[0009] pig 2 is a schematic diagram of a hydraulic circuit useable 
for actuating a valve mechanism configured according to 


Fig. 1. 
Detailed Description 

[0010] The valve mechanism shown in Fig. 1 is located in a cylin- 
der head and comprises (includes, but is not limited to) 
double valves 10 with valve springs 11 and a common 
yoke 12. The yoke is acted upon by a rocker arm 13, 
which is pivotally supported on a rocker arm shaft 14. The 
rocker arm 13 has a valve pressure arm 15 on one side of 
the shaft 14 and a cam follower arm 16 on the other side. 
The cam follower arm is provided with a first cam follower 
in the form of a rocker arm roller 17 that normally inter- 
acts with a camshaft 18. The cam follower arm 16 is fur- 
thermore provided with a secondary arm 19, which is piv- 
otally supported at the outer end 16a of the arm and is 
provided with a second cam follower in the form of a fin- 
ger 20. 

[0011] The secondary arm 19 is adjustable between an inopera- 
tive position and an operative position by means of a hy- 
draulic piston 21 that is located in the rocker arm, and 
which will be described in more detail below with refer- 
ence to Fig. 2. The hydraulic piston 21 is coupled, essen- 
tially free of play, to the secondary arm 19 by way of a 
fork 19a. 


[0012] | n an inoperative position, the rocker arm 13 is acted 

upon by a disk cam 22 of the camshaft 18 solely via the 
rocker arm roller 17. In the operative position that is 
shown in Fig. 1, the rocker arm 13 is acted upon by the 
disk cam 22 of the camshaft also via the finger 20. The 
geometry of the secondary arm 19 is adapted so that in 
the operative position the rocker arm is actuated by the 
disk cam 22 at a required phase angle (in the illustrated 
case, approximately 80-110 degrees) later in the direction 
of rotation of the camshaft 18. 

[0013] in order to produce two separate gentle lifting movements 
by means of one and the same disk cam 22, this may have 
a first rising ramp for interaction with the pressure roller 
17 during the first opening phase of the valve, and a sec- 
ond rising ramp for interaction with the pressure roller 17 
and the finger 20 during both opening phases of the valve 
10. In addition, the cam may have a first falling ramp and 
a second falling ramp largely corresponding to the rising 
ramps. 

[0014] Control members of the hydraulic piston 21 are shown in 
Fig. 2, and from which it can be seen that the piston 
cylinder 23 is double-acting with inlet and outlet ports 24 
and 25 connected to a control valve 26. The cylinder 23 is 


fitted with a pilot piston 28 that is loaded towards a limit 
position (indicated by dashed lines in Fig. 2) by means of 
a helical coil spring 27 and which has three valve heads 
28a, 28b and 28c. The control valve 26 is also provided 
with an inlet port 26a and two outlet ports 26b and 26c. 
An adjustable pilot pressure (1-4 bar) is supplied via a 
feed line 29 for hydraulic fluid such as the lubricating oil 
of the internal combustion engine, which is connected to 
the control valve 26 on the opposite side 30 to the spring 
27. The feed pressure to the piston cylinder 23 is supplied 
by the line 29 via a spring-loaded non-return valve 31 
(one-way valve) and the inlet port 26a of the control valve 
26. 

[0015] | n the position of use illustrated by solid lines in Fig. 2, a 
higher pilot pressure has been applied to the control valve 
26 via the line 29 in such a way that the control force of 
the spring 27 has been overcome, with the result that the 
pilot piston 28 has been shifted to the left in Fig. 2. The 
piston head 28a has thereby opened a connection be- 
tween the port 24 of the piston cylinder and the inlet port 
26a of the control valve. Hydraulic fluid can now be fed 
from the line 29 to the piston cylinder via the non-return 
valve 31. At the same time, the outlet port 26c of the con- 


trol valve has a connection to the port 25 of the piston 
cylinder for draining hydraulic fluid from the other side of 
the piston. If an external force is applied to the hydraulic 
piston 21 in the opposite direction to the direction of the 
movement (see the arrow 32 in Fig. 2), this is incapable of 
moving back since the non-return valve blocks the return 
flow from the piston cylinder. The force is capable of gen- 
erating an internal pressure in the piston cylinder, the 
control valve and the non-return valve that can amount to 
several hundred bars, without any return movement of the 
piston 21. 

[0016] | n the position of use illustrated by dashed lines in Fig. 2, 
a lower pilot pressure has been applied to the control 
valve 26, via the line 29, and the control force of the 
spring 27 is forcing the pilot piston 28 to shift to the right 
in Fig. 2. The piston head 28b thereby opens a connection 
between the port 25 of the piston cylinder and the control 
valve inlet port 26a. Hydraulic fluid can then be fed from 
the line 29 to the right-hand side of the piston in Fig. 2 
via the non-return valve 31. At the same time, the outlet 
port 26b of the control valve has a connection to the pis- 
ton cylinder port 24 for draining hydraulic fluid from the 
left-hand side of the piston in Fig. 2. The hydraulic piston 


21 can now move from right to left in Fig. 2 from the po- 
sition drawn in "solid line" to that drawn in "dashed line." 
If an external force is applied to the hydraulic piston 21, it 
is incapable of moving back since the non-return valve 
blocks the return flow from the piston cylinder. The force 
may generate an internal pressure in the piston cylinder, 
the control valve and the non-return valve that can 
amount to several hundred bars, without any movement 
of the piston 21. 
[0017] The method described above for switching from one op- 
erating mode to another functions in a valve mechanism, 
since the accelerations and hence the forces change sign 
one or more times during a camshaft revolution. In other 
words, at the time increment when the force is positive, 
the hydraulic piston follows and oil flows into its chamber, 
whereas at the time increment when the acceleration is 
negative, the non-return valve blocks the return flow of 
oil and the oil pressure can reach high levels. In this way, 
it is therefore possible to move two rocker arm parts rela- 
tive to one another to a mechanically defined stop by 
means of a small hydraulic piston and a low hydraulic 
pressure, despite the fact that the forces involved are 
large forces. 


[0018] The invention must not be regarded as being restricted to 
the examples of embodiments described above; a number 
of further variants and modifications are feasible within 
the scope of the following patent claims. For example, the 
second cam follower 20 may be actuated in some other 
way than via a pivoted arm 19, for example by transla- 
tional movement. 


